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two factors. Does vertebrate Sgo act as a protector Epithelial Stem Cells:
of cohesin as in yeast meiosis? What is the molecular Stepping out of Their Nichemechanism behind this protection? Or do Sgo and
cohesin mediate separate cohesion pathways? Both are
targets of the APC, but in what order? Second, this
analysis illuminates an unexpected molecular connec- In this issue of Cell, Blanpain et al. (2004) have shown
tion between centromere cohesion and kinetochore mi- that two subpopulations of cells exist within the hair
crotubule dynamics. Given its potent microtubule stabi- follicle stem cell niche. Despite being partially differen-
lizing activity in vitro, and the fact that microtubules tiated, clonal populations of suprabasal bulge region
penetrate the kinetochore, Sgo could modulate microtu- cells can regenerate skin and hair follicles as well as
bule behavior directly. In addition, Salic et al. observed a a new stem cell niche. The findings suggest that early
loss of outer kinetochore proteins CENP-E and CENP-F lineage commitments of epithelial cells in the hair folli-
upon knockdown of Sgo. Downstream effects on these cle may be reversible.
and other kinetochore proteins could also contribute to
the observed defects in spindle microtubule dynamics. The “bulge” region of the human hair follicle was de-
Which Sgo functions are conserved? The limited ho- scribed morphologically over 100 years ago (Figure 1)
mology among Sgo proteins is confined to a coiled- (Sto¨hr, 1903) and is now known to be the home of the
coil in the amino-terminal region and a carboxy-terminal hair follicle stem cell niche (reviewed in Panteleyev et
domain, both of which are required for targeting MEI- al. [2001]; Fuchs et al., [2004]). Despite its early recogni-
S332 to centromeres in Drosophila cells (Lee et al., tion as a specialized structure, advances in hair follicle
2004). More precise delineation of the region required stem cell biology have been relatively slow. The break-
for microtubule stabilization will reveal whether it lies in through of in vivo marking of stem cells by the Fuchs
the conserved N-terminal domain. Unlike in yeast and lab (Tumbar et al., 2004) and the Morris and Cotsarelis
Drosophila, loss of vertebrate Sgo activates the spindle team (Morris et al., 2004) earlier this year, followed by
assembly checkpoint by inhibiting the APC, halting cell the elegant work of Blanpain et al. (2004) in this issue
cycle progression (Salic et al., 2004). It is unclear of Cell, have provided powerful new tools for stem cell
whether this effect is direct, due to defects in microtu- lineage analysis. Some of the most fundamental ques-
bule-kinetochore interactions, or indirect due to loss tions in keratinocyte stem cell biology, such as self-
cohesion between sister kinetochores, both of which renewal, multipotency, and the nature of the niche itself,
would result in a loss of tension. Future experiments will are now being addressed.
illuminate how Sgo contributes to these functions. Keratinocytes within the hair follicle stem cell niche
are believed to be primed to respond to at least two
sets of stimulatory signals to generate a bidirectionalRene´e Deehan and Rebecca Heald
flow of stem cells. An upward flow of stem cells out ofDepartment of Molecular and Cell Biology
the bulge into the epidermis is generated in responseUniversity of California, Berkeley
to epidermal injury. A downward flow is induced by a311 Life Sciences Addition
periodic signal from a cluster of hair follicle dermal cells,Berkeley, California 94720
known as the dermal papilla, at the beginning of each
hair cycle. It is believed that these short-range morpho-
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Figure 1. Drawing of the Human Hair Follicle
Drawing of the human hair follicle from one
of the earliest reports (Sto¨hr, 1903) of hair
follicle morphology depicting the bulge, writ-
ten just over 100 years ago. The “Wulst” re-
fers to the bulge region, and the “M. Arrector”
is the arrector pili muscle.
cells must be present earlier to initiate hair follicle mor- barked on its differentiation program, its fate is irre-
versible.phogenesis and support epidermal homeostasis, the
authors suggest that the physical architecture of the hair Blanpain et al. (2004) have purified the two subpopula-
tions of bulge cells directly from mouse skin on the basisfollicle stem cell niche is specified only after the first
bulge-papilla contact, raising the intriguing possibility of differentially expressed cell surface markers. The au-
thors have examined the expression profile of the basalthat the dermal papilla also has an instructive role in
specifying the fate of subpopulations of niche cells. and suprabasal subpopulations with the goal of identi-
fying factors that maintain the stem cells in a quiescentOne of the major unresolved questions in keratinocyte
stem cell biology is whether the hair follicle stem cell state. Two such factors emerged, FGF18 and BMP6,
which have been shown to slow keratinocyte cell growthniche contains multiple types of unipotent progenitor
cells (each leading to epidermis, hair follicle, or seba- without inducing terminal differentiation, thereby provid-
ing a mechanism for placing stem cells on “stand-by,”ceous gland) or, alternatively, whether stem cells of the
bulge are multipotent and give rise to all epithelial lin- in a quiescent yet responsive state. Blanpain and col-
leagues have begun to delineate a constellation of regu-eages. A significant contribution of this paper is the
combination of methods for clonal analysis of single hair latory factors that maintain the unique milieu of the niche
and search for common patterns of gene expressionfollicle stem cells together with lineage marking in vivo.
Using this approach, the authors have demonstrated among different populations of hair follicle stem cells
and also between these cells and stem cells of otherthat both the basal and the suprabasal bulge cells con-
tain stem cells that are multipotent and differentiate niches.
What are the local factors contributing to the extraor-into all the epidermal and hair follicle lineages in vivo,
including the formation of a new bulge. That both basal dinarily specialized microenvironment of the hair follicle
niche? Surrounding the stem cell niche is a specializedand suprabasal bulge populations can undergo this re-
markable transformation suggests that keratinocyte basement membrane to which the basal niche cells re-
main attached. Is there perhaps a stromal cell type in thestemness may be a reversible state, insofar as both
stem and newly exited early differentiating cells can be vicinity of the niche that participates in its specification?
Likewise, the arrector pili muscle is in direct contactcultured and reengrafted with mesenchymal cells and
form a new niche in the in vivo setting. Intriguingly, the with a small number of bulge cells via specialized hemi-
desmosome-like attachment structures (Akiyama et al.,cells appear to regain their stemness in vivo, challenging
the conventional view that, once a keratinocyte has em- 1995), while the distal end of the muscle resides in the
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upper dermis in close proximity to Merkel cells, the neu- Sculpting Heart Valves
roendocrine cells of the skin that participate in tactile with NFATc and VEGFsensation. It has been suggested that perhaps the
unique interactions and cell-cell contacts between the
bulge and the arrector pili muscle could be an important
factor in maintaining bulge cells in their undifferentiated Heart valves are of vital importance for our moment-
state (Akiyama et al., 1995). to-moment existence, but how they form remains a
Within the niche itself, the hair follicle bulge region is mystery. In this issue of Cell, Chang et al. reveal a
also cohabited by cells derived from two neural crest novel role for calcineurin, NFATs, and VEGF in valve
lineages, the melanocyte and the Merkel cell. Melano- formation (Chang et al., 2004). Dynamic changes in
cytes are involved in the pigmentation of the hair shaft NFAT/VEGF expression in regional myocardial and en-
in the mouse and both hair shaft and epidermis in the docardial fields and developmental windows orches-
human and reside within the niche (Nishimura et al., trate this complex process.
2002). The function of resident Merkel cells within the
hair follicle stem cell niche, however, is entirely un- In contrast to primitive organisms, the heart in mammals
known. Since these cells have no connection with peri- contains four chambers. Valve leaflets between the up-
follicular sensory nerve endings, it was suggested some per and lower heart chambers and the large vessels are
ten years ago that perhaps the Merkel cells serve a stem critical for the heart to pump the blood to the various
cell maintenance function rather than the tactile receptor parts of the body. In the embryonic heart, a complex
role served by Merkel cells in the skin (Narisawa et al., interplay of precisely regulated signals is required so
1994). With the recent discovery of pluripotent neural that each valve develops at a critical stage and a precise
crest stem cells within the rat hair follicle (Sieber-Blum location. Because of this complexity, the process often
and Grim, 2004), it may be time to look inward to neigh- derails, resulting in valve defects that affect up to one
boring cells in the niche for the answers to questions in 100 newborns and represent the most common birth
raised by Blanpain et al. (2004), such as, “What keeps defects in humans.
a stem cell a stem cell?” Soon after the primordial heart forms as an inner endo-
Perhaps uncovering the secrets of the hair follicle thelial (endocardial) tube into an inner endothelial tube
will be facilitated by going back to our roots, when the (endocardium) with a surrounding muscular layer (myo-
difference between neural and epidermal cell fates was cardium), endocardial cushions form from expansion
a simple choice between neighboring cells. The study of the extracellular matrix (cardiac jelly) in the region
of this uniquely mammalian stem cell niche provides us between the upper (atrial) and lower (ventricular) heart
with a developmental system rivaling the Drosophila chambers (Figure 1). At embryonic day 9 (E9), endocar-
germ cell niche (Fuchs et al., 2004) in which to delve dial cells at the atrioventricular canal undergo an endo-
deeply into the mysteries of adult stem cell biology in cardial-to-mesenchymal transformation (EMT) during a
the context of the skin and hair follicle. brief developmental period (E9–E10). In response to sig-
nals released from the underlying myocardium, these
endocardial cells separate from the endocardium andAngela M. Christiano
transform into mesenchymal cells, invading the cardiacDepartments of Dermatology
jelly. After expansion, these cells further differentiateand Genetics and Development
and reshape the rudimentary valves into slender leaflets.Columbia University
Multiple transcription and growth factors, adhesion mol-College of Physicians and Surgeons
ecules, and proteases have been implicated in valveNew York, New York 10032
formation (Schroeder et al., 2003), but much of the pre-
Selected Reading cise combinatorial code regulating this process remains
to be elucidated.
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